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Abstract 
The effect of adding different quantities of salt on the drying characteristics of fresh salted noodles was investigated. Fresh salted 
noodles for the drying experiments were produced using wheat flour and salt water at different salinities (Baume 0, 5, 7.5, 10, 
and 12.5%). The drying experiments were performed using a large-scale drying apparatus similar to a practical drying device. 
The drying curves of fresh salted noodles were modeled very well using Page’s equation with drying characteristic parameters k 
and n. The drying rate for fresh salted noodles became lower as the quantity of salt added increased, so adding salt influenced the 
drying characteristics of fresh salted noodles. Based on these results, a new improved drying model that takes salinity into 
account can be put forward. 
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1. Introduction 
Dried salted noodles are important in Asia’s food industry. The local climatic conditions and traditional eating 
habits in different areas mean that the manufacturers have to make dried noodles with a special flavor, which require 
special drying conditions and the addition of salt at different levels. These requirements demand reliable data about 
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the drying characteristics of noodles. There is less information on the drying characteristics for fresh noodle (Asano, 
1981; Isobe, 1995; Chen, 2000; Inazu, 2002; Inazu, 2003). Chen et al. (2000) have investigated the drying behavior 
of Udon (a salted noodle) at different warm air condition (temperatures and relative humidities). They evaluated 
successfully their effect on the drying parameters using Page’s equation (Page, 1949). Inazu et al. (2003) have 
investigated the effect of air velocity on fresh Japanese noodle (Udon) drying. However, there is no information 
about the effect of added salt on the drying characteristics of salted fresh noodles. The objective of the present study 
was to investigate the drying characteristics of fresh noodles salted using brine at different Baume levels. 
2. Materials and methods 
2.1. Materials 
Fresh salted noodle samples were made from wheat flour (Nisshin Flour Milling Inc, Tokyo, Japan) using salt 
water at different salinities (Baume degrees of 5, 7.5, 10, and 12.5%).  
2.2. Drying apparatus 
The drying apparatus, consisting of an air conditioning system and a drying chamber is shown in Fig. 1. The air 
conditioning system delivered air to the chamber at a predetermined air temperature and relative humidity. The 
chamber was insulated with a 50 mm thickness of expanded polystyrene to minimize the effect of heat loss to the 
surroundings. A door in the chamber allowed the insertion or removal of the noodle samples. The hook base, on 
which 12 pieces of fresh salted noodle could be hung, was suspended from the middle of the chamber ceiling. The 
hook base could be turned at a low speed. Two propeller fans were installed on the ceiling to direct a uniform 
current of air at approximately 1.8 ms-1 over the noodle samples. 
 
 
Fig. 1. Schematic diagram of experimental noodle drying apparatus. 
2.3. Drying test procedures 
Before each experimental drying run, a batch of about 3 kg of noodles (2 mm thickness) was made with an initial 
moisture content of about 50% (dry basis). A small sample was used to measure the initial moisture content using an 
infrared moisture-measuring instrument (Model FD-600; Kett Electric Laboratory, Tokyo, Japan). The rest of the 
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batch of noodles was placed in the drying chamber and hung on a bar suspended from a hook before the drying test 
began. After 15 min, a small quantity of noodle was removed from the chamber and its moisture content was 
immediately measured. This operation was repeated after 30 min, 45 min, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 7, 8, 9, 10, 22, 24, 
and 26 h.  
2.4. Drying model 
The Page’s equation (Eq. (1)) was used to describe the drying curve, which has been successfully used previously 
for modeling the drying of fresh salted noodles (Chen et al., 2000). The equation has been employed by White et al. 
(1973) to study the effect of ambient dew-point variation on the thin-layer drying characteristics of white-shelled 
corn. It has also been used to model the thin-layer drying of shelled corn (Westerman et al., 1973) and others 
(Pathak et al., 1991; Tagawa et al., 1996) in thin-layer drying studies. 
Page’s equation is; 
 
MR = (M − Me)/(M0 − Me) = exp(-ktn)                (1) 
where MR = moisture ratio, 
   M = moisture content (% dry weight basis), 
   Me = equilibrium moisture content (% dry weight basis), 
   M0 = initial moisture content (% dry weight basis), 
   t = time (h), 
   k and n = drying parameters. 
3. Results and discussion 
3.1. Drying curves and dynamic equilibrium moisture content 
The experimental drying curve data for fresh salted noodles at an air temperature of 20 °C and a relative humidity 
of 70% are shown in Fig. 2(a). The moisture content decreased rapidly during the first drying period and then 
leveled off thereafter to reach a constant value. All experimental runs showed the same tendency and nearly the 
same values after drying for 22, 24, and 26 h. The moisture content of the noodles at 24 h was regarded as the 
dynamic equilibrium moisture content, Mde, which was also used in the drying model (Eq. (1)) as Me. 
3.2. Drying curves of fresh noodles salted with different Baume levels 
Fig. 2(b) shows the drying curves for fresh noodles prepared with different Baume levels of salt water (Baume 5, 
7.5, 10, and 12.5%) at an air temperature of 45 °C and relative humidity of 70%. The decline rate of the moisture 
contents in the noodles reduced as the Baume level increased. In other words, the drying speed decreased as the 
Baume level increased. Furthermore, the dynamic equilibrium moisture content increased as the Baume level 
increased. It was thought that the vapor pressure of water in the fresh salted noodles reduced as the Baume level 
increased. As these data from the experimental drying curves of fresh noodles prepared with different Baume levels 
of salt water were fitted to Page’s equation, regression equations were obtained with high precision (high 
coefficients of determination). From these results, the effect of quantity of salt on the drying characteristics of fresh 
noodles could be checked through the parameters of the equations of regression. 
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Fig.  2. (a) Drying curve of noodle at air temperature of 20 °C and relative humidity of 70%; (b) drying curves of noodles with different Baume 
levels at air temperature of 45 °C and relative humidity of 70%. 
3.3. The effect of air temperature changes on the drying parameters k and n of Page’s equation 
The data from the experimental drying curves of fresh noodles, prepared with water at different Baume levels at 
air temperatures of 25, 35, and 45 °C and a relative humidity of 70%, were fitted by Page’s equation. The regression 
equations gave high coefficients of determination. The drying parameters k and n in Page’s equation are shown in 
Figs. 3(a) and (b).  
Fig. 3(a) is a plot of the relationship between the drying parameter k and different Baume levels using drying 
conditions of air temperatures of 25, 35, and 45 °C and a relative humidity of 70%. It can be easily observed that 
parameter k decreased linearly as the Baume levels increased. We can therefore present the k value as a function of 
the Baume level as a simple linear equation: k = a + b x Baume. The regression equations showed good coefficients 
of determination. A t-test on the individual coefficients indicated that they were all significantly different from zero 
at the 95% level. 
Fig. 3(b) plots the relationship between the drying parameter n and the different Baume levels using drying 
conditions of air temperatures of 25, 35, and 45 °C and a relative humidity of 70%. As is evident, the values of n 
were scattered and no significant statistical relationship could be observed between n and the Baume levels, 
although the mean value of n at each air temperature changed as the air temperatures increased. Therefore, the 
parameter n could be represented by a constant value taken as the overall mean value of n for the drying conditions 
as like the research (Chen, 2000). 
 
     
Fig. 3. (a) The relationship between drying parameter k and air temperature first picture; (b) the relationship between drying parameter n and air 
temperature. (◊:45°C, ○: 35°C, ᇞ: 25°C). 
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3.4. Simulation of drying curves of fresh salted noodles 
To check the results obtained in the present study, the regression equations for the drying parameters k and n 
were inserted into Eq. (1). The drying curves were calculated for two different Baume levels under the dry condition 
(air temperature of 45 °C, relative humidity of 70%) used most as the main drying in noodle factory of Japan. In Fig. 
4, showing a comparison between the calculated moisture contents and those obtained experimentally, the moisture 
content predicted was in good agreement with that observed experimentally. These results show that using a Page’s 
equation as a drying model for fresh salted noodles could be suitable for describing the drying behavior of fresh 
noodles salted at various Baume levels. 
 
 
Fig. 4. The observed and predicted drying data for fresh noodles prepared with salt water at different Baume levels (5 and 12.5%) at an air 
temperature of 45 °C and a relative humidity of 70%.(ڦ: Baume 12.5 %, ی:Baume 5%, ˉ: Predicted moisture contents). 
4. Conclusions 
Page’s equation described well the drying behavior in hot air of fresh noodles salted at various Baume levels. 
There were significant effects from adding different quantities of salt on the drying characteristics (drying rate) of 
fresh salted noodles. An improved model that takes into account the influence of salt could provide a good 
description of the drying behavior in hot air of fresh salted noodles. 
References 
Asano, R., 1981. Drying Equipment of Noodles. Food and Science, Spring Extra Publish, 56-59 (in Japanese). 
Chen, J. Y., Isobe, K., Zhang, H., Matsunaga, R., 2000. Hot-air Drying Model for Udon Noodles. Food Science and Technology Research 6(4), 
284–287. 
Inazu, T., Iwasaki, K., Furuta, T., 2002. Effect of Temperature and Relative Humidity on Drying Kinetics of Fresh Japanese Noodle (Udon). 
LWT – Food Science and Technology 35, 649–655. 
Inazu, T., Iwasaki, K., Furuta, T., 2003. Effect of Air Velocity on Fresh Japanese Noodle (Udon) Drying, LWT – Food Science and Technology 
36, 277–280. 
Isobe, K., 1995. Utilization of Air Conditioning Facility by Dry Noodle Producers. Yearbook of the Noodle Industry 220-226 (in Japanese). 
Page, G.E., 1949. Factors Influencing the Maximum Rates of Air Drying Shelled Corn in Thin Layers. Doctor’s Dissertation, Purdue University, 
West Lafayette, Indiana. 
Pathak, P.K., Agrawal, Y.C., Singh, B.P.N., 1991. Thin Layer Drying Model for Rapeseed. Transactions of American Society of Agricultural 
Engineers 34(6), 2505-2508. 
Tagawa, A., Kitamura, Y., Murata, S., 1996. Thin layer drying characteristics of Adzuki beans. Transactions of American Society of Agricultural 
Engineers, 39(2), 605-609. 
Westerman, P.W., White, G.M., Ross, I.J., 1973. Relative Humidity Effect on the High Temperature Drying of Shelled Corn. Transactions of 
American Society of Agricultural Engineers 16(6), 175-179. 
White, G.M., Ross, I.J., Westerman, P.W., 1973. Drying Rate and Quality of White Shelled Corn as Influenced by Dew-Point Temperature. 
Transactions of American Society of Agricultural Engineers 16(1), 118-120. 
 
Accepted for poster presentation in CAFEi2014 (December 1-3, 2014 – Kuala Lumpur, Malaysia) as paper 276. 
